Background This meta-analysis compares the prevalence of fatigue, musculoskeletal pain, and neurocognitive difficulties in patients who have had Lyme borreliosis (LB) and control subjects without LB.
with controls without LB from the general population and (2) recorded data on the simple frequency of symptoms of fatigue, musculoskeletal pain, and neurocognitive difficulties. Four other studies [8] [9] [10] [11] were found comparing patients after LB with controls from the general population, but no data on the above symptoms were collected in these studies.
The mean or median time since onset or diagnosis of LB was 3-6 years in five of the studies and ~15 years in the sixth study. A meta-analysis was performed on the five studies ( Table 1) . The sixth study was not included because it was carried out much later after the onset of LB. The frequencies of symptoms reported by the patients and controls were taken directly from the publications. All data were included for fatigue (one symptom), musculoskeletal pain (three symptoms: joint or muscle pain, muscle aches, and swollen joints), and neurocognitive difficulties (six symptoms: memory problems, poor concentration, difficulties in formulating ideas, difficulties in word finding, difficulties in judgement, and difficulties in naming objects). Analyses were done separately for each symptom.
The observed minus the expected number of patients with symptoms in each study was calculated and weighted by the inverse of the sampling variance using the Peto method in a modification of the Mantel-Haenszel method. 12 
All P-values
There is increasing evidence that some patients with the bacterial infection Lyme borreliosis (LB) have symptoms that persist for years afterwards, despite having received the recommended antibiotic treatment. The main symptoms of fatigue, musculoskeletal pain, and neurocognitive difficulties 1 are attributed to a post-LB syndrome, also known as posttreatment chronic Lyme disease. Nevertheless, some still question whether such symptoms can be a direct consequence of LB, or believe the symptoms are simply from depression following an acute infection. They are sceptical owing to the long-term, indistinct nature of the symptoms and because some studies did not show a statistically significantly greater prevalence of symptoms in patients who have had LB. All studies so far have been relatively small, so this meta-analysis was performed to clarify the issue.
Methods
A search through PubMed was made up to October 18, 2004 . Six studies [2] [3] [4] [5] [6] [7] were found that (1) compared patients after LB were two-tailed (2P). Heterogeneity between the studies was assessed using a 2 -test.
The prevalence of the symptoms was higher in LB patients in 28 of the 33 comparisons within the studies but, with the relatively small sample sizes, not all P-values fell below 0.05. To account for the multiple testing and preserve the overall ␣ level of 0.05 in the meta-analysis, the symptom with the smallest P-value was tested at a level 0.05/10 (the total number of tests), the symptom with the next smallest P-value at 0.05/9, etc, proceeding only if the P-value fell below the limit.
The subjects in the five studies in the meta-analysis had been randomly selected from patient registers or from telephone or address lists with subsequent identification of LB status (in one study 5 , all patients found had been included). The subjects in two of the five studies 4, 6 had been first approached by mail, while the subjects in the other three studies had been contacted directly by telephone. In all five studies, once contact had been made, some subjects had declined to participate. All five studies were performed in the USA. Given the different geographic locations and different age groups, it is likely that the only overlap of subjects between the studies was that reported by Vazquez et al. 5 with the study by Seltzer et al. 2 (~2-3 LB patients). The meta-analysis was repeated excluding the study by Vazquez et al. 5 Of the five studies two were on adults, 3,4 two on children, 5, 6 and one on adults and children. 2 The patients in one study 5 were selected because they had had facial nerve palsy attributed to LB. The patients in the other four studies had had a diagnosis of LB without further specification. The diagnoses of LB had been substantiated in four of the studies [3] [4] [5] [6] to see whether they met the CDC case definition, 13 where appropriate by review of the patients' medical records. In three of the studies, 3, 5, 6 all the LB patients had received antibiotic treatment. In the study by Seltzer et al., 2 6 .7% of the patients had not received treatment, and for 7.7% of the patients the treatment was not known. In the study by Shadick et al., 4 4.8% had not received treatment, and for 12.9% the treatment was not known. All except one of the studies 5 were performed before treatment guidelines were published by the Infectious Diseases Society of America. 14 
Results
After pooling the data in the meta-analysis (Figure 1 ), fatigue and all three musculoskeletal symptoms (joint or muscle pain, muscle aches, and swollen joints) were significantly more frequent in patients who had had LB than controls, with low P-values between 2P Ͻ 0.00001 and 0.002. Of the six neurocognitive symptoms, four were significantly more frequent in the LB patients (memory problems, poor concentration, difficulties in formulating ideas, and difficulties in word finding), with low P-values between 2P Ͻ 0.00001 and 0.007. A significantly higher prevalence was not seen in the other two neurocognitive symptoms (difficulties in judgement and difficulties in naming objects).
All five studies showed a higher prevalence of symptoms in LB patients, but there was some heterogeneity between the studies. This is seen in the underlying prevalence in the control groups (probably owing to the different age structures) and in the difference in prevalence between patients and controls. Higher differences in prevalence are seen in studies that (i) had a higher proportion of patients with neurological symptoms in the acute phase, [3] [4] [5] (ii) were run in earlier years when diagnosis and treatment were more likely to have been delayed 3, 4 (both reported to be associated with persistent symptoms), or (iii) did not include children. 3, 4 There are some claims that children are less likely to have persistent symptoms. One of the five studies 5 comprised a subset of LB patients-children with facial nerve palsy attributed to LB. Excluding this study did not alter the results.
Significant heterogeneity was seen for four of the symptoms (joint or muscle pain, swollen joints, memory problems, and difficulties in word finding), but a possible explanation for the observed differences is given above. The heterogeneity tended to be quantitative rather than qualitative, i.e. the studies varied more in the extent of the increased prevalence in patients than in whether there was an increased prevalence. The meta-analysis P-value still provides a meaningful test of the null hypothesis that there was no increased prevalence in the studies. Despite the heterogeneity between the studies, overall the increase in prevalence of symptoms of fatigue, musculoskeletal pain, or neurocognitive difficulties in patients who have had LB appears to be ജ5%.
Discussion
This meta-analysis provides strong evidence that some patients have fatigue, musculoskeletal pain, and neurocognitive difficulties that persist for years after LB. The pattern seen in the meta-analysis of an increased prevalence of certain neurocognitive difficulties but not others is the same as that seen in other studies on post-LB syndrome. Memory problems, particularly verbal memory, have been observed in many other studies. 8, [15] [16] [17] [18] [19] [20] Poor concentration, particularly auditory attention, has been noted in some studies, 16, 19, 20 but not others. 8, 15 Diminished mental flexibility 8 has also been seen, which is similar to difficulties in formulating ideas. In contrast, no increased difficulties in intellectual and problem solving skills, 8 global intellectual functioning, 15 or conceptual thinking 15 were seen, which is consistent with the lack of increased difficulties in judgement seen in the meta-analysis. Also, no report in other studies of difficulties in naming objects was found. In confirmation of this pattern, Fallon et al. 21 observed significantly reduced blood flow in certain white matter areas of the brain in patients with post-LB syndrome compared with healthy subjects, and the flow reductions were significantly associated with deficits in memory and visuospatial organization.
The possibility of bias in these studies must be considered. For example, LB patients with symptoms may be more likely than LB patients without symptoms to agree to participate in a study of chronic illness. However, even if the denominators for the patient groups are increased to include the non-participants and it is assumed that the non-participants had none of the symptoms, the results are scarcely altered. Furthermore, Shadick et al. 4 noted in a substudy that the controls who declined to participate did not differ from the patients who declined to participate in that they were also less likely to have symptoms. Therefore, selection bias does not appear to be the explanation for the consistent results.
There is also no evidence of a reporting bias, since the available data from physical examinations and neurocognitive tests confirm the subjective reports. Physical examinations were carried out in three of the studies. Shadick et al. 3 detected more abnormal joint test results on the American College of Rheumatology Glossary joint index in patients (2P = 0.02). Shadick et al. 4 observed that knee, hip, and proximal interphalangeal pain on motion and knee swelling were seen more often in patients than controls (all 2P Ͻ 0.10). Physical examinations in the study by Wang et al. 6 identified the same number of controls with joint pain and the same number of patients and controls with swollen joints as had been reported, but revealed that two more patients had joint pain than had been reported.
Two of the studies compared patients and controls using objective neurocognitive tests. Shadick et al. 3 reported that significantly more patients had abnormal test results than controls (12/38 vs 5/43, 2P = 0.01) and that the patients had more deficits on average in all the neurocognitive tests (2 out of 13 P-values were below 0.05). However, Shadick et al. 4 reported that the proportion of patients and controls with an abnormal performance did not differ significantly. No details were provided. They used a less restrictive definition of abnormal, and with their new definition ~25% of the controls may have been labelled 'abnormal'. If 5% (or 10%) of patients have neurocognitive difficulties following LB, then a study this size will have only 10% (or 30%) power to detect this using their definition. Therefore, without further details, little can be concluded from this study with regard to the neurocognitive testing.
Finally, non-significant results may be less likely to be published, resulting in a publication bias. However, many of these authors concluded that the differences between patients and controls were not significant, so a bias owing to missing non-significant studies seems unlikely.
There have been claims that children are less likely to have persistent symptoms after LB, and that the pattern of persistent symptoms differs in children, but there are few comparative studies. In the two relatively small studies 5, 6 exclusively on children in this meta-analysis, a higher proportion of LB patients had symptoms than controls in most of the 12 comparisons on the first eight symptoms in Figure 1 , and in six comparisons the prevalence was Ͼ5% higher in LB patients. The meta-analysis could not be run separately for adults and children since the results were not available separately for adults and children in the one study including subjects of all ages. 2 More investigation of this issue is needed.
The pattern of symptoms reported following LB appears to be different from that seen in fibromyalgia, depression, and chronic fatigue syndrome. The fatigue following LB has been variously described in the literature as profound, notable, unusual, debilitating, and extreme, not as a vague symptom of tiredness. The musculoskeletal pain in this syndrome is often roving, asymmetrical pain in the limbs, whereas fibromyalgia is characterized by widespread, symmetrical pain at many sites over the whole body. Kaplan et al. 18 observed that patients with LB encephalopathy were more impaired on standardized memory tests than patients with either fibromyalgia or depression, while patients with fibromyalgia scored significantly higher than both other groups on the scale for somatic concerns, and the depressed patients scored significantly higher on the scales for depression and anxiety. They reported that the subjective memory difficulties in the patients with fibromyalgia and depression were primarily due to psychological distress. Gaudino et al. 16 compared patients with post-LB syndrome and persistent severe fatigue with patients with chronic fatigue syndrome. They found that, despite symptom overlap, the patients with post-LB syndrome showed significantly more global cognitive impairment in neurocognitive tests. Regarding the emotions, Elkins et al. 22 observed lower positive affect (emotions such as joy, enthusiasm, and pleasure) but normal negative affect (emotions such as sadness, hopelessness, and guilt) in patients with post-LB syndrome. Positive affect is likely to be dampened by profound fatigue. Raised negative affect, a key component of depression, was not reported.
This meta-analysis shows very clearly that there is a connection between LB and a distinct set of persistent symptoms known as post-LB syndrome. Ongoing infection has not been excluded as a possible explanation, but, in the screening of over 1800 patients for one study on post-LB syndrome, no patient was found to have a positive PCR assay or culture for borrelia. 23 Steere et al. 24 wrote 'it is hypothesized Meadows ME. Neuropsychological deficits in Lyme disease patients that Borrelia burgdorferi may trigger immunologic or neurohormonal processes in the brain that cause persistent pain, neurocognitive, or fatigue symptoms, despite spirochaetal killing with antibiotic therapy'. Klempner et al. 25 and Kaplan et al. 26 found that three more months of antibiotic treatment after the recommended antibiotic treatment did not improve symptoms or cognitive function more than placebo. In a similar study, on patients with profound fatigue persisting after treatment for LB, Krupp et al. 27 also found that additional antibiotic treatment did not improve cognitive function more than placebo. They observed a significantly greater improvement in fatigue in treated patients, to a larger extent in those who had previously only received oral antibiotics and were receiving intravenous antibiotics for the first time in their study.
There are roughly 120 000 new cases of LB every year in Europe 28, 29 and 150 000 every year in the USA 30, 31 (after taking into account the estimated under-reporting in the USA 32, 33 ). If 5% of LB patients have symptoms persisting for years as a direct consequence of the LB in both Europe and the USA, then the combined incidence of post-LB syndrome is over 13 000 per year, and the prevalence of patients will be several times higher. Few published data are available on the course of this disorder, but anecdotal reports indicate that many patients recover very slowly over years, without further treatment. Further research is needed focusing on the aetiology of the disorder and a search for effective therapies.
Disclaimer I (VC) was employed for many years in clinical research at Aventis (formerly Hoechst). Aventis (now Sanofi Aventis) develops and produces antibiotics that are used in the treatment of LB. I am now working as a consultant for Boehringer Ingelheim in the clinical development of medication for the treatment of depression, pain associated with depression, fibromyalgia, diabetic peripheral neuropathic pain, and generalized anxiety disorder. However, there does not appear to be any conflict of interest as no medication has been shown to be effective in resolving the problems of post-LB syndrome.
I have had LB with persistent symptoms and this led to my interest in the topic. It is still debated whether there is such a thing as post-LB syndrome, or chronic LB. A meta-analysis of the available data, therefore, seems to be exactly what is needed.
KEY MESSAGES
• This meta-analysis provides strong evidence that some patients with Lyme borreliosis have fatigue, musculoskeletal pain, and neurocognitive difficulties that may last for years.
• The higher prevalence seen in these patients of certain neurocognitive symptoms but not others, in the same pattern as reported in the literature, is further confirmation of the syndrome.
• The pattern of persistent symptoms appears to be different from that seen in fibromyalgia, depression, and chronic fatigue syndrome.
